TWO-WEEK LOAN COpy
This is a library Circulating Copy which may be borrowed for two weeks (1) correlations with calculated atomic charges,4-e (2) thermodynamic data based on the approximation that the energy of coreelectron capture by a nucleus is independent of chemical environment,10-12 ·(3) empirical parameters characteristic of the directly bonded groups,ll and (4) molecular orbital-calculated binding energi~s.e '13-15 In order to appraise the relative usefulness of the various methods of estimating chemical shifts, it is important to have chemical shifts that span a wide energy range. We chose to study compounds of nitrogen because of the wide variety of bonding types that they possess and the probability that they would yield a wide range of chemical shifts. We found that the estimation methods that were most readily tested with oUr data were the atomic charge correlation method and the thermodynamic method. The empirical group parameter method could only be partially tested with our data because, in the set of compounds we studied, many of the groups bonded to nitrogen atoms are unique to those nitrogen compounds. Molecular orbital-calculated binding energies are available for only a few of the compounds we studied; however, we hope that the availability of the experimental data will encourage others to Make the ~urther calculations required for a complete comparison. UCRL-19671 -2- In this paper we report data only for gaseous nitrogen compounds .. · -Although many successful t=:orrelations and estimations have been made by using chemical shift data for solid compounds, there are both experimental and theoretical reasons for preferring the study of gaseous compounds. For example, by use of gaseous mixtures, it is a simple matter to measure chemical shifts between compounds of the-same element from -a single-spectrum. Chemical shifts for gaseous compounds do not suffer from-uncertainties of work functions which arise in the case of solid compounds. 4 Both theoretical and empirical calculations of core electron binding energies are much simpler for gaseous molecules than for solid compounds.
Phot_ oionization was accomplished with magnesium K X-radiaa -tion (1253~6 eV). An iron-free double-focusing magnetic spectrometer16 was used to determine the kinetic energies of the photoelectrons~
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gases were introduced from a metal vacuum line into a 200-ml source chamber. During each run, the pressure within this chamber was held constant (to ± 20%) in the range 10-40 microns .
First the pure compound" was studied in order to determine the approximate magnitude of the photoelectron kinetic energy.
Then an approximately one-to-one mixture of the compound and some convenient reference compound was studied. Nitrogen gas was the first choice as a reference because of its low reactivity, but other gases were used when the chemical shift was less than 2 eV from that of nitrogen gas. The width of each channel in the spectrum was 0.27 eV; the counting times were such that at least 1000 counts were recorded in the channel nearest the i .
Signal peak. The:signal~to-noise ratios were in the range Most of the gases were taken from commercial cylinders.
I .
Except for N 2 , NO, N 2 0 and NF 3 , samples were purified by vacuum distillation. The purity of each sample was checked by mass spectrometry and by comparison of the infrared spectrum with the literature. 17 Hydrogen cyanide was prepar"ed by the addition of potaSSium cyanide to phosphoric a<.;id in a closed system.
Its mass and infrared spectra agreed with the literature. 17
Dr. William Fox of Allied Chemical Company kindly provided us with a sample of ONF 3 .
-4- UCRL-19671 Results and Discussion
The measured nitrogen Is binding energies, relative to molecular nitrogen, are given in (1)
(The asterisks ind~cate Is electron vacancies.) If we make the approximation that 6E =,0 for arly process in which an. N6+ core in one species is interchanged with an 06+ core in another species, we may write
Then, by adding reactions 1 and 2, we obtain NH3 + NO+ -+ OH + + N2 3
Thus the shift in binding energy is, to the accuracy of our
approximation, equal to the energy of equation 3 -a quantity which can be evaluated from available thermodynamic data.
Similarly, most of the other chemical shifts in Table r . UCRL-19671 to be a li~tle more than two-thirds as ~reat, i.e., a little greater than 5.80 eVe Indeed, the observed chemical shift between N2F4 and N 2 H 4 , 6.24 eV, is in agreement with this expectation. From the few comparisons made above, we tentatively conclude that the empirical parameter method is capable of predicting chemical shifts to about ± 0.2 eV.
~~ -Basch and Snyder 13 have obtained nitrogen.ls orbital energies for some of the compounds in Table I from SCF-MOcalculations using a double-zeta baSis of gaussian functions. According to Koopmans' theorem, these energies it can be applied to any set of molecules for which complete octet structures can be written. In the case of resonating molecules, ambiguity arises as to the relative weights of the 21 resonance structures.
In these cases the experimental data can be used to establish the relative weights. It is significaht that most of the poi~ ..
( fit a line of unit slope.
